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(54) Plasma cleaning process for openings formed in one or more low dielectric constant 
insulation layers over copper metallization Integrated circuit structures 



(57) A process is provided Ibr removing etch resi- 
dues from one or more openings formed in one or more 
layers of a lew dielectric constant insulation material 
over a copper metal interconnect layer of an integrated 
circtdt structire which includes cleaning exposed por- 
tions of the surface of the copper interconnect layer at 
the bottom of the CNie or more openings, the ixocess 
comprising providtng an anisotropic hydrogen plasma to 
cause a chemical reaction t>etween ions in the plasma 
cmd the etch residues In the bottom of the one or more 
opening, including copper oxide on the exposed copper 
surface, to therel)y dean the e)qx)sed portions of the 
copper surface, and to remove the etch residues without 
sputtering the copper at the bottom of the opening. 



FORMING WrrH A RESIST MASK ONE OR 
MORE OPENINGS THROUGH ONE OR 
MORE LAYERS OF A LOW DIBJECTRIC 
CONSTANT INSULATION MATERIAL TO AN 
UNDERLYING COPPER INTEROONNBCT LAYER 
OF AN INTEGRATED CIRCUIT STRUCTURE 
ON ASEMIOONOUCTOR SUBSIRATE 







REMOVING THE RESIST MASK AFTER 
FORMATION OF THE ONE OR MORE 
OPENINGS THROUGH THE ONE OR 
MORE LAYERS OF LOW DIELECTRIC 
CONSTANT INSULATION MATERIAL 







TREATDt^ THE STRUCTURE WITH AN 
ANISOmOPIC HYDROGEN PLASMA, 
WHILE BIASINO THE SUBSTRATE, 
TO REMOVE ETCH RESIDUES FROM 
TfC OfC OR MORE OPENINGS IN 
THE ONE OR MORE LAYEm OF LOW 
DIELECTRIC CONSTANT INSULATION 
MATERIAL, INCLUDING ROJOVALOF 
COPPER OXIDE FORI^CD BY REATION OF 
COPPER WTTH MATERIALS USB> 
TO REMOVE THE RESIST MASK 
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PACKQBQUND QF THE INVENTtON 

1. n^o?thetnvention 5 

[OirOI] This invention relates to integrated circuit 
structures. More particiilarly. this invention relates to a 
proems for cleaning etch residue, inducing copper 
oxides, from openings formed through one or nrxore lay- io 
ers of lG»f di^ectric constant nmterials formed over cop- 
per metallization. 

2. PfiSffripMftn ffl WW Rftlatted Art 

IS 

[OOH^ in the construction of integrated circuit struc- 
tures, diel^tfjc materials such as silicon o^dde (SiOg) 
have been conventiorally used to electrically seii^rate 
and folate or insulate conductive elements of the inte- 
grated circuit structure from one another. However, as 20 
the sji^dng between such conductive elements in the 
integrated drcuit structure have become snrmller and 
snmller. the capacitance beto^een such conductive ele- 
ments throi^h the silicon o»de cfielectric ^s becorne of 
incr^sing cortc^n. Such capacitance has a negative 2S 
influence on the overall p^formance of the integrated 
drciflt structure in a numt^er of ways, induding its effect 
on ^>eed of the drcuitry and cross-coupling (crcsstalk) 
between ac^cent conductive elements. 

Be»use of this ever increasing problem of 30 
capacitance betw^n sdjacent conductive el^ents 
s^>arat6d by silicon onde insulation, as the scale of 
integrated drcuit structure continues to reduce, the 
use of other insulation materiais having lower dielectric 
constants than conventional silicon oxide (SiOa) has 35 
k>een proposed. One such dass of nmterial is an organo 
silicon onde n»t&ial wherein at least a portion of the 
oxygen atorm bond&j to the silicon atoms are r^3laced 
by one or ntore or^tc groups such as. for example, an 
atlcyl group such as a methyl (CH3-) group. Such organo <o 
sHccon oxide dielectric nntterials have dielectric con- 
stants varying from about 2.4 to about 3.5 artd are. 
therefore, of great interest as low dielectric constant 
sut>stitutes for the conventional silicon oxide (SiOg) 
insulation rr^^al. 45 
{002^1 Whae the substitution of one or ntore organic 
groi^ for some of the oxygen atoms Irartded to the sil- 
icon atoms in a silicon oodde insulation nrtaterial has a 
beneficial effect in the lowering of the dielectric constant 
of the or^uio silicon oxide material, therefore low^ing so 
the capacitance between conductive elements sepa- 
rated by such dielectric material, it tas t>een tound that 
the t3ond formed t>etween the silicon atoms artd the 
organic radicate is not as stable as the sSicon-oxygen 
t>ond fburd in conventional silicon oxide (SiO^ materi- ss 
ats. 

In particular, for example, when the ^rface 
of ajch a low cSelectrlc constant organo silicon oxtde 



ir^ation layer is exposed to oxidiang or *'a^rt@° sys- 
tems, which are used to remove a photorestet 
from the lo^ did^tric oorotant organo sOiom osdde 
insulation layer, after fonration of cpenirtgs therdn, it 
has bB&\ found that the ashing process re^z}^ in (^im- 
age to the bonds (severance) between the organic racS- 
<^s and the silicon atonr® adjaosnt the ajr&c^ of the 
low dielectric constant organo sifioon oxcde insuSation 
layer expose to such an ashing tr^ttmem TMs sever- 
ance of the organo-^liccn tan&, in turn, re&O^ \n 
removal of such or^ic rraterials formerly bonded to 
the silicon atoms along with the organcc photoresist 
materials t>eing removed firm the integrated ccrcuit 
structure. The silicon atoTre from which the organic rs^j- 
icals have t>8en severed, artd which are left in the dscm- 
aged surface of the tow dielectric constant or^&rto 
silicon oxide insulation layer, tave dan^hg bonti^ 
which are very readiive and tsscome M^ie^ ab»3snpfion 
sites if artd when the danmged surface Ss esqroeed to 
moisture. 

[OmS] In oopertding U.S. Patent AppSccation Doctet 
No C3-4302, entitled "PROCESS FOR TREATIESSQ 
DAMAGED SURFACES OF UOW DIELECTRIC CON- 
STANT ORGANO SILICON OXIDE INSULATION 
MATERIAL TO INHIBIT I^OISTURE ABSORPTION", 
vt^ich was filed by two of i& with cvtother on the wms 
day as this application, and is a^gned to the assgnee 
of this application, it is proposed to treat such c^ntaged 
sidewalls with eith^ a hydrogen pSsssrrm or a nitrogen 
plaana. Such a tr^tment with a hydrogen or rdtrogen 
plasma caus^ the hydrogen or nitrogm to bond to ^6- 
oon atoms with dartgling bonds left in the darrH^ged air- 
face of the low cfiel^:^c constant organo siGoon oxcde 
insulation lay^ to rqsSace organo n^terial se^ed from 
such silicon atoms at the damaged ^r^ce. Abeorptton 
of moisture in the danrmged surface of the lo^f dielectric 
oonstant or^^uto silicon o»de insulation layer, by bond- 
ing off such silicon ntdsture, is thereS^ inhit^ited. 
CimOT] However, this problem of potSTTtial courage 
to the low cfielectric corstant orgarto siltoon oxcde irteu- 
laHon layer is 6xacerft>ated when copper is pr^ent as 
the metal interconnect below the v!a or cpenlrtg 
I>ecau8e the etchants used to form the openings, and/or 
the chemical deaning treatments used to either d^^nn 
away the etch residues or remove the re^st nuask ntcay 
also react with any exposed copper surSacee to form 
copper oxides which must be removed from the openirtg 
(via) prior to f illirtg the opmirtg with electrify conduc- 
tive materials. Copper is sometimes i^ed as the meial 
interconnect n^terial (artd is therefore present at the 
Ksottom of the via) because it is a superior eSectrical con- 
ductor to other metals such as aluminum, tun^ten. or 
titanium commonly used as intercormect nmt^ial tn 
integrated drcuit structures. Furthemrtore. the ^rtrte 
d^e for faster drcuitry whic^ results in the of low 
dielectric constant insulation naterial (to mittgate 
^)eed-redudng capadtartce) also giv^ rise to the ise 
of copper as the interoonnect meted so the pr^ence of 
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both copper and lo^ dielecbric cor^tant ir^lation rrate- 
lial in the same integrated circuit structures must be 
reckoned vtfith. 

In the past, argon plasnas have been used 
to renrove etch resscSues in openings fbrm^ in oonven- s 
tional insulation mat^te such as silicon onde (8902) 
over non-coppar metal interconn^ts. Hovvever, the use 
of argon as a dearting ^ may al&> reajK in undesira- 
ble sputtertTig of the underlying copper metal exposed 
by the operong. This, in turn, may result in the d^x>si- 10 
tion of such guttered copper on the lovy k insulation 
scd&jvalls of the via. Since copper Is toiown to migrate 
Into the Ireulation material (unlito other metals), such 
d^KJstion of copper onto the adev^lls of the via must 
be avosded. It v^b recently proposed by one of us in is 
Zhao et al. U.S. Patent Na 5,660.682, assigned to the 
assignee of this Inverrtton, to use a mixture of hydrogen 
and argon gases for removing etch residues in place of 
the conventions^ argon piasnm,' but the potential for 
sputtering of copper by the argon in the argon hydrogen 20 
mixture still renr^n& 

[000®] It would, therefore, be desirable to provtde a 
process for cleaning opening &ich as vte. trenches, 
etc., formed in Ic^ dielectric con^ant insulation nriaterial 
to remove etch residue, as as to r^tove capper 25 
oxide res(dues in such opening, without sputtering 
coppe* onto the exposed surtoces of the low diel^tric 
constant insulation material. 



SUMMARY OF THE liWEismON 
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[0^®] In aocon&unce with the inv^on, a process 
is provided for removing etch residues from one or more 
openings formed in one or nrtore layers of a low dielec- 
tric constant inflation material ov^ a copper metal 3s 
interconnect layer of an integrated circuit structure 
which includes dearong exposed portions of the surface 
of the copper Interconnect layer at the bottom of the one 
or more openings, the proc^ comprising providing an 
anisotropic hydrogen pla^fna to cause a chemicat reac- 4o 
tion between ior^ in the pl^ma and the etch residues in 
the bottom of the one or nfx>re openings, including cop- 
per GDdde on the exposed copper surfoce, to th^eby 
dean the exposed portions of the coppe- surface. €md 
to remove the etch residue without ^utterirtg the cop- 45 
per at the t»ottom of the opening. 

BRIEF DESCRIPTION OF THE DRAWIf^es 



so 



Figure 1 is a flowsheet illustrating the pref&red 
embocfiment of the invention. 

Figure 2 is a fragmentary v&lical cross-s^or^ ss 
view of an int^rated drcurt structure shaftdng a 
r^st mask ised to form an opening formed in a 
single layer of low dielectric constant material over 



a copper interconnect layer of an integrated dradt 
structure. 

Rgure 3 is a fragm&itary vertiol cross-sectional 
view of the structure of Rgure 2 after rentoval of the 
resst rro^c 

Figure 4 a fragmentary verti^ cross-sectional 
vie^ of the structure of Figure 3 showing etch resi- 
dues, induding copp^ oxide r^cdues, being 
removed by an anisotropic etch using a hydrogen 
plasma. 

Rgure 5 is a fragmentary vertiral cross-sectional 
view of another integrated drcidt structure sfK3wing 
a first resist rmsk used to form an operdng in a s3i- 
con nitride etch stop layer formed over a first layer 
of low dielectric constant material over a ocfiper 
interconnect layer of an integrated drcuit structure. 

Figure 6 is a fragmentary vertical cross-8®ctional 
view of the structure of Rgure 5 after removal of the 
first resist nmsk showing a seoortd layer of Cow ciSe- 
lectric constant rriaterial formed over the sOicon 
nitride etdi stop lay^ and a s^x>nd resist mask 
formed over the second layer of low dielectric con- 
stant material. 

Figure 7 is a fragmentary verti^ cross-sectional 
vievtf of the structure of Rgure 6 after etching of 
openings tfvough both the first and s^xntd layers of 
low dielectric constant material and removal of the 
second resist tmsk. 

Rgure 8 is a fragmentary vertiol cross-sectiorffil 
yfieiM of the structure of Figure 7 showing etch re^- 
dues, induding copp^ oxide r^cdues. beirtg 
renroved by an anisotropic etch using a hydrogen 
pSaama. 



DETAILED DESCRIPTION OF THE 



The invOTtion comprises a process for 
removing etch residues from one or more opGiirtgs 
formed in one or more layers of a tow dielectric constant 
insulation material over a copper nrtetal interconnect 
layer of an integrated drcuit structure wftich comprises 
providing an ansofiropic plasnr» to cause a chentical 
reaction between \m& in the plasnr^ and the etch resi- 
dues, induding copper oxide, in the opening to thereby 
remove the etch r^edues without sputtering the copper 
at the bottom of the opening. 

a. Thft ErTftwrtlliTOrt ft! RgHrfiS 2-4 

[0013] Turning now to Rgures 2-4. the process of 
the invention is iQustrated in its simplest form wherein a 
via is etched through a sir^le layer of low dielectrfo oon- 
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stant ir^ation mat&ial tormed over a copp^ mstai 
interconnect and the resulting etch residues, remaining 
from the formation of the via and the removal of the 
resst msk, are removed without sputt&ing 61 the 
underlying copper metal. 

[Hm^l Rgure 2 sho^ a semicortductor substrate 
2, such as a silicon sitetrate, having integrated drcuit 
structure such as transistors (not shown) form^ ther® n 
with a first insulation layer 10 formed thereon and a cop- 
p& interconnect lay^ 20 formed ov^ first insulation 
layer 1 0. First insulation layer 1 0 (which forms no part of 
the present invention) rray comprise a conventional sili- 
con QBdde (Si02) insulation material or it may comprise 
a tow dielectric oor^tant insulation rr^terial. Coppm 
int^connect layer 20 comprise a conventional pat- 
t&'ned layer of copper which serv^ as the first wiring 
level of the integrated drcuit structure and is selectively 
connected to veuIous contacts on the sttetrate by con* 
tact openings (not diown) formed through first insula- 
tion layer 10. 

[dm Si Formed over copper interconnect layer 20 is 
a layer 30 of low dielectric constant Oow 1^ insulation 
nnaterial. By ise of the term "low dielectric constant 
insulation materiar is meant an insulation mat&'ial hav- 
ir^ a didectric constant below about 4.0. and pref^ably 
bdow at)Out 3.5. Ov^ low k insulation layer 30 is formed 
a thin protective layer 40 of a material such as silicon 
nitride which will serve to protect low k insulation layer 
30 during subsequent rentoval of r^ist mask 50 which 
is formed over protective capping layer 40. Protective 
layer 40, which will hereinafter be referred to 9S silicon 
nitride layer 40, tmy range in thickness from about 15 
nmtocdboutSOOnm. Resist nask 50 is formed with one 
or more opening ther&n, illustrated by openirtg 54 in 
Figure 2. through which tow k insulation lay®- 30 (artd 
silicon nitride layer 40 thereon) are etched to form via 34 
shown in Rgure 2. Silicon nitride layer 40 may typk^ly 
be etched through mask opmng 54 uang a CHF3 and 
O2 plasnm. while low k insulation lay^ 30 may be 
etched with a silicon oxide etchant system ajch as a 
CF4 and Hz plasnm or a CF4. C4F8, and argon plasnra. 
[OOtiiS] As shown in Figure 2, the etching of low k 
insulatk>n lay®- 30 to form via 34 can resuH in the fbnra- 
tion o7 some etch resdues 36 in via 34 ov^ the copper 
surface of the underlying copper interconnect layer. Fur- 
thernwe, as shown in Figure 3, the subsequent 
removal of resist msk 50 rrmy result in further etch res- 
idues 38 in vol 34 which rray indude copper oxide 
formed over the exposed copper surface in the bottom 
of via 34 during the removal of resist mask 50 by reac- 
tion of the resist removal chemicals with such exposed 
portions of copper interconnect layer 20 at the bottom of 
via 34. In any event the exposed copper surface in the 
bottom of via 34 must be deaned to rentove such rr^e- 
rials, induding the copper oxide, prior to filling via 34 
with metal to &isure forrr^on of a good ohmic contact 
b^een copper interconnect layer 20 and the metal 
usedtofQI via 34. 



[K^T] Conventionally, when the underlying meJal 
interconnect layer was aluminum or some other m^ 
(other than copper), the metal ^rface was deansd^ to 
remove such etch residues and metal oxides, ising an 

5 argon plasna. However, such an argon plasnm can ate) 
result in the sputtering of some of the ei^iossd me^ at 
the bottom of the via. Wh^ this ^puttered metal cs cop- 
the resulting red^)os!tion o7 the ^utt^ed copper 
onto the via skJewalls can have deleiterious efileces 

10 because the copper alone, unlike many oth^ metate 
conventiorelly used in the construction of int^rated dr- 
cuit structures, will diffuse or migrate into the walls of 
the insulation material. Thus, it is important that such 
^Hittering of copper be repressed or elimfnated. 

IS 

b. Th^ Hydrrom P\mm Cl^im SIfep 

[IOOI8] In accordance with the invention, the 
exposed copper surfaces at the bottom of via 34 c&re 
so deaned to remove oxkl^ artd etch rescdues. Induding 
copper oxkje residues, from via 34 by i^e of a hydrogen 
plasma wherein the hydrogen in the plasnm will chem:- 
cally react with the etch residues, includiftg the copper 
oxide, rather than sputter the underlying copper. To 
25 dean the copper vtnth such a hydrogen pSesnm. sub- 
strate 2 is placed in a high vacuum chanrber wh^e it s 
maintained at a pr^sure ranging from about 0.1 mS- 
liTorr to about 10 ntilliTorr, typically about 0.5 nrOllliTonr. 
and at a tOTtperature ranging from about room temper- 
so ature (20*^0) up to about 300^0, artd ty^f^cally about 
150*'C. As shown at 6 in Figure 4. a ne^^e rf baas s 
applied to sutetrate 2 which may range from about -200 
voHs up to -400 volts, and tyif^rally win be about -300 
volts. This negative bias is conveniently applied to sub- 
35 strate 2 through the substrate support (rtot shown) upon 
which sut>strate 2 rests in the vs^um chamb^. Ihm 
sut)strate fc»as is very important to ensure that the 
hydrogen atom in the plasnra reach the bottom of v^ 
34, rather tten t)ombard the &dewalls of via 34. That is, 
40 to en^re that the f k3w of hydrogen atoms in the v^ s 
ani^jtropk:. This is important since the restdu^, 
and the copper interconn«;t sur^ce to be draned, are 
at the bottom of via 34. 

[OOt 9] Hydrogen gas is then f towed into the cham- 
45 b^, at a flow rate equivEdent to a flow of from about 1 
standard cubic centimeter per mirtute (seem) to about 
1 00 seem into a 5 liter vacuum chamber artd the plasma 
is then ignite and rraintained by a esparate conven- 
tional plasma power source which rrmy b® nrmitained at 
so apower ranging from about 20 watts to about 400 watts, 
typically at^out 300 watts. A srr^l amount of rtJtrogen 
gas. e.g.. about 100 socm may Bteo be initially ftowed 
into the vacuum chamber to factTrtate ignition of the 
plaana, t^ut this flow of nitrogen is then shut off as soon 
55 as the plasn^ is igruted. The substrate is es^posed tothe 
plaana for a period of time sufftdent to remove ariy 
renrainir^ etch r^idues 36, as weSI as copper axide 
residues 38, from the exposed portion of copper inter- 
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connect layer 20 at the bottom of via 34. Usually the 
cleaning time viHIl mnge from about 5 seooncte to about 
5 nunutes, and typically vtflO be about 1 minute. 
[OSS®] After the dining stq) is complete, the 
cleaned substrate may be moved, preferably under vac- 
uum, to a ph^cal vapor d^sosition (PVD) chamber 
where oonver^onal processing is then carried out to 
form a via liner and th^ to fill the lined via with cqi^r. 
For example, a via liner n^erial ^xch as. for example, 
tantalum metal or tantalum nitride may be sputtered 
over the scde^l surface of via 34. as well as the 
expc^ed portion of copp^ im^connect layer 20 at the 
bottom of via 34. The via nmy then be filled with copper 
using any conventional fOBng method. For example, a 
copper seed layer nray be ^fnjttered over the On^ nate- 
rial in the via and copper nmy then be plated over the 
eeedte^. 

c. QpHonal Repair of Damfloed bewails of Via Prior to 

[lE^i ] It should be noted that after fbriraiion of via 
34 and after removal of resist mask 50, but prior to the 
cleaning p>rccess of this invention, any via sidewall c^um- 
age to the lo»f k Insulation n^taial which may have 
been ouised either by fhe via etch or by the removal of 
the resfet ma^ n«y be repaired by expoang the unlji- 
ased substrate to a hydrogen plasnm whereby the 
hydrogen in the plasmd will contact and react with the 
damaged k3w k nmter»l, as descrS^ed and claimed in 
the aforementioned copending U.S. Patent Application 
Dod^ Na C3-4302, ©rrtitJed "PROCESS FOR TREAT- 
ISSIG DAR/IAGED SURFACES OF LOW DIELECTRIC 
COSSSSTAisrr ORGANO SILICON OXIDE INSULATION 
MATERIAL TO INHIBIT MOISTURE ABSORPTIOiM". 
This repw step wouEd nonrally be carried out if the 
s&bove described optional passivation st^ had not been 
carried out prior to the photoresist n^sk r&nGval. or if 
the passivation st^ which had been orried out prior to 
the photoreast n^isk r&noval did not result in sufficient 
protection to the via sidewall during the photoresist 
nnask removal. 

d. The EitfygtfiniOTt FfflVirw 5-9 

Turning now to Rgures 5-8, the invention will 
be descr&>6d with respect to its use with a dual layer or 
"dual damascene*' type of structure. In this second 
embodiment illustrated in Figures 5-8, wherein like ele- 
ments are labeled with the same numerals, after fbmna- 
tion of resist n^isk 50. with r^esentative opening 54 
the-^n. an cperting 44 is etch^ through silicon nitride 
layer 40. which will p^mit alicon nitride layer 40 to act 
as a rm^ as will be de»;rQ>ed betow. However, first low 
k insulation lay& is not etched through opening 54 in 
mask 50 and opening 44 in ^lioon nitrkJe layer 40. 
Rather, resst n^sk 50 is th^ removed, fdlowed by 
dQ>oation of a second low k insulation layer 60 osf& ah 



icon nitride nn&sk 40 and the exposed portion of under- 
lying low k insulatton layer 30 through opening 44, as 
^town in Rgure 6. 

[C023] A capping lay©- 70, which may be formed of 

5 the same material and of the same thickness range as . 
silicon nitride layer 40, is then be formed over second 
fow k insulation layer GO to protect the upper surface of 
low k insutatfon lay^ 60 from the ch&nicals which will 
t>e sut>sequently us^ to remove a further resist Txmsk. 

10 Second resist nrask 80, having a r^resentative mask 
opening 84 diown therein in Figure 6, is then fprmed 
over ^licon nitride capping layer 70. 
[002<e] TTie portion of silicon nitride capping layer 70 
which is exposed through mask opting 84 is then 

IS etched through. Following this, exptsed portton of sec- 
ond fow k insulatksn layer 60 is then etched through 
opening 84 in resist niask 80 down to silicon nitrKJe 
vna'sk layer 40, and then the exposed portion of underly- 
ing low k insulation layer 30 is etched (during the same 

20 etch st^ artd with the same etchant system) through 
previously formed opening 44 in silicon nitride mask 
layer 40. In this instance, low k insulation layers 60 and 
30 are etched with a slicon oxide etchant system sutih 
as a CF4. C4F8, and argon plasnr» which is selective to 

25 silicon nitride, i.e. an etchant system which will &ch the 
fow k insulatfon material in preference to etching sOioon 
nitride. 

It will fc>e noted that opening 84 in s^x>nd 
resist mask 80 is much wider that opening 54 in the now 

30 renrtoved resist mask 50. This is t^ecaus© ^ opening 
formed in second tow k layer 60 throu^ rmsk opening 
84 comprises a part of a trench netwcrk formed in s%- 
ond fow k layer 60 through nr^sk opening 84 rq;}res^^ 
ing the copp^ interconnect which will be formed in tf^ 

35 trench network, while opening 44 in si5oon r^tride ma^ 
40 rqpr^ent the via wftich is formed through first tow k 
insulation layer 30 to conn^ the copper interconnect 
formed in the trench network to be formed in low k layer 
60 with copper interconnect layer 20 beneath low klayer 

40 30. 

VtXSSlSl Resist n^isk 80 is then removed, leaving 
etoh residues and copper oxtde 38*. as diown in Figure 
7. on the portion of copper interconnect layer 20 
exposed by the newly formed trench 64 and v^ 34. In 

45 aooord€uice with the inventton, aich residues are 
rentoved from the trertches by exposure to the previ- 
ously descr&>6d hydrogen plasnm cleaning st^, as 
illustrated in Figure 8. \ftHth substrate 2 again shown 
sutsject to a negative rf t»as to ensure the ani8otrop:c 

50 flow of the hydrogen plasma atoms to the bottom of the 
trenches, rather than toward the trench stdewalls. The 
resuit. as also ^town in Figure 8. is a dean opening 
confusing trenches and viae which are ready to be 
lined with a metal or conductive metal compound and 

55 then filled with copper, as in the prevfou^y descrikied 
enbocfimenl 
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e. Example 

[OlSSTi To further illijstrate the process of the inven- 
tion, tm> identical silicon substrates can be constructs 
wi1hlowkl£^efs30and60thereonasapartofthe inte- 
grated circuit structure shosm in Figure 7. i.e.. with iden- 
tical trenches and vias formed in identical layers of the 
re^^ective structures. One of the structures may then 
be subjected to a conventional argon plasma dran, 
while the other structure is subjected to the hydrogen 
plasna dean process of the Invention. Both of the striEC- 
tures would then be subj^ed to the same metal filling 
and oth^ processing st^ to fill the respective 
trenches and vias in both structures with the same con- 
ductive materials, including further heating st^is. K both 
structures are then vertically sectioned to eiqpose the 
lo^ k insulation material adjacent the sidewalls of the 
trenches and vias. it will be found that copper atoms, 
apparently sputtered by the argon deaning plasma and 
then redeposited onto the sidewalls of the trenches and 
vias. have migrated into the to^f k Insulation material. In 
contrast, in the structure deaned by the hydrogen 
deaning plasn^ of the invention, the low k insutatk>n 
material adjacent tiie scdewalls of the trenches and vias 
woutd be found to be free of oapp&r atoms, incficating 
ttat the hydrogen deardng plasma of the invention <Sd 
not sputter copper atorr^ and th^efbre there was no 
redeposition of copper atoms onto the stdewalls of the 
trenches and vias to nrugrate into tiie low k Insulation 
n^erial. 

[03S8] Thus the Invention provkles a process 
wher^ etch restdues from openings formed in lay^ 
of a tow diel^;tric constant insulation ntaterial over a 
copp^ metal interconnect layer of an int^rated drcuit 
structure can be removed, and exposed portions of the 
suriace of the copper interconnect layer at the bottom of 
the Qpenirtgs rr»y be deaned ising an anisotropic 
hydrogen plasrra which caus^ a ch^rticsd reaction 
t>etween ions in the pla&na and the etch restdues in the 
bottom of the one or more opening, induding copper 
oxide on the exposed copper surface. Expose portions 
of the copper surface wSl therefore be deaned. artd the 
etch residue will be removed without sputtering the 
copp^ at the bottom of tiie operung. wherry copper is 
not redeposited on the sidewall surfaces of the low k 
insulation nrnterial. 

CO&Ilms 



A proems for removing etch reskJues from one or 
ntore op^ings formed in one or more layers of a 
tow di^»:tric cor^tartt insulation material over a 
copper metal interconned layer of an integrate dr- 
curt structure being formed on a semiconductor 
substrate which indudes deaning ecposed portk>ns 
of the surface of said copper interconnect lay^ at 
the bottom of said one or more openings, said proe- 
ms compr^ng providing a plasnr^ to ther^ 



remove said etch residue and to dean sacd 
exposed portions of said copper surface without 
causing coppe- to deposit on the scde wans o? sacd 
one nrtore openings formed in sacd one or more Kay- 
5 ers of said diei^tric constant insute^tion nnaterial. 

2. The process of daim 1 wherein sacd step of pToved- 
ing a plasn« to ther^ rmtove etch restdues and 
to clean said exposed portk>ns of raid copper sur- 

10 face without causing copper to deposit in the scde 
wails of raid one more openings further oomprlsK 
provkjing a plasnm capable of d^sning sacd 
exposed portions of said copper surface and 
removing sacd etch residue without ^nittering the 

IS copper at the bottom of raid on® or more openar^ 
formed in sacd one or more layers of sacd low dSelec- 
tric oonstant insulation nateriad. . 

3. The process of daim 1 wherein ea^ step of pra^d- 
20 ing a plasma to thereby remove etch residue and 

to dean sacd enposed portions of sacd copper sur- 
%ce \ftnthout causing copper to deposit in the scde 
walls of sacd one more openings ibrmed cn racd one 
or more layers of raid low diel^:trGC obrstant insuSa- 
2$ tion material further comprises providing a hydro- 
gen plasna. 

^. The process of daim 3 wherein sacd step of provid- 
ing a hydrogen plasnra to thereby remove <stdi nss- 

30 tdues and to dean sacd exposed porticrD 0f ratd 
copper surface witiiout caudng copper to ^c^sss^ En 
the side walls of said one more opertin^ Cormed in 
raid one or more layers of sacd low dielectrcc oon- 
stant Insulation material further comprises proved- 

35 ing an anisotropc hydrogen pla^rai 

5. The process of daim 4 wherein sacd step of provkl- 
ing an anisotropic hydrogen plasma to thereby 
renrove etch restdues artd to dran sacd expt^ed 

40 portions of sacd copper ^rface without cai^ng 
copper to d^xjsit in the bewails of sa£d one more 
openings formed in sacd one or more layers of sacd 
low dielectric constant insulation nnsteriai further 
comprises fipptyirtg a t^as to sakfl substrate to 

45 assist said anisotropic hydrogen plaana in rrach- 
ing the bottom of raid one or more openings adja- 
cent said copper surface. 

$. The procera of daim 1 wherein sacd step of provkS- 
50 ing a plasnrm to tiierdsy remove etch rescdura and 
to ciran said exposed portions of sacd copper sur- 
feice v^out causing copper to dept^ in the scde 
walls of raid one ntore openings further comprise 
causing a chanical rraction to occur between ior^ 
55 In said plaana and sacd etch residues In the bottom 
of said one or more openings fbmted In sacd one or 
more layers of sacd tew dielectric oorotant insula- 
tion material. 
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7. The pieces Ql daim 1 \i%fhertin6atd st^ off prov^ 
ing a pSasna to ther^ remove etch restdues and 
to dean satd exposed portions of said copper sur- 
face without cauang copp^ to d^^osit in the side 
\snsA\s of saU one more op^ir^ formed in said one 
or more layers off said Eovv dielectric constant insula* 
tion material is preceded by a st^ of p^s^vation. 
v^erein sud passivation st^ comprises treating 
the slde»alls of saEd one or more openings with a 
plasnm selected from the group consisting of nitro- 
gen pSa&ra. 0)cygen p3asn». and a combination of 
nitrogen and oxygen pSasrras. 

S. The process of daim 1 wherein «ud st^ of provid- 
ing a plasna to th^^>y renrtove etch r^tdues and 
to dean said exposed portions of said copper sur- 
face without cau^ng coppsr to deposit in the side 
walls of sacd one more openings fbnned in said one 
or more layers of said tow dielectric constant Insula- 
tion n^erial. is preceded by a step of repair. 
\Afherein said re^^r step comprises treating the 
stde^ls of said one or more openirtgs with a 
hydrogen plasnm, without applying a bias to said 
substrate. 

9. A proems for removing etch r^idues from one or 
more opening formed in one or more lay^ of a 
low dielectric constant insulation material over a 
copper nietal interconneGt layer of an integrated dr- 
cuit structure being formed on a s^icortductor 
substrate which indud^ deaning exposed portions 
of the surface of said copper interconnect layer at 
the bottom of said one or more openings, said proc- 
ess comprisiRg provicSng an anisotropsc hydrogen 
plasnra to cai^ a chemic^ reaction between ions 
in the pla&rei and the etch r^cdues in the bottom of 
sacd one or more openings, irtduding copper oxcde 
on sacd exp»6d copper surface, to ther^y dean 
sacd exposed portions of «ud copper surface and to 
r^nove satd etch r^dues without sputtering the 
copper at the t>ottom of sacd one or more opening 

HO. The process of cteum 9 which further indudes 
applying a txas to sacd substrate to provide said ani- 
sotropic hydrogen plasrmi which reaches to the bot- 
tom of said one or more openings formed in said 
one or more layers of said low dielectric constant 
insulation rraterial adjacant sacd copper surface. 



one or more op^irtgs with a plama selected from 
the group consisting of nitrogen plasma, oxygen 
pSa^na, and a combination of nitrcg&i &nxl oxygen 



11. The process of daim 9 wherein ^ud sl^ of provid- 
ing an anisotropic hydrog^ piasma to th^eby 
rOTOve etdi residues and to dean said exposed 
portions of sacd oopper surface without causing 
copper to d^M)^ In the sde walls of satd one more 
openings formed in S£dd one or ntore lay^ of said 
low (fielectric constant inflation material is pre- 
ceded kiy a st^ of pasavation, wher^n said s^ssi- 
vation st^ comprises freating the scdeuvalls of said 



12. The process of daim 9 wherein sacd st^ of provid- 
ing an anisotropic hydrogen plasma to thereby 
remove etch r^tdues and to dean said exposed 
portions of said copper surface without causing 

10 oopp& to dqposit in the side walls of said one more 
openings formed in said one or more layers of satd 
low dielectric constant insulation n^^al is pre- 
ceded t3y a st^ of r^^r, wherein said r^^r st^ 
comprises treating the scdewails of said one or 

15 more opening with a hydrogen plasira, without 
applying a bias to said sutetrate. 

13. A process for removing etch residues from one or 
ntore openings formed in one or more layers of a 

20 low dietectric constant insulation nrraterial over a 
copper metal interconnect layer of an integrated dr- 
cuit structure substrate which indudes deaning 
exposed portions of the surface of said copper 
interoonrt^ layer at the tKittom of satd one or more 

25 openings formed in said one or more layers of said 
low diel^Aric constartt insulation rr^erial. said 
proc^ comprising: 

a) providing an anisotropac hydrogen plasna to 
30 cause a chenmcal reaction between eons in the 

plasrra arxd the etch r^idues in the bottom off 
said one or more openings formed in said one 
or more layers of said low dielectric constant 
in^ation material, induding copper oxide on 
35 satd exposed copper surface, to ther^ dean 

said exposed portions of said copper surface 
and to remove said etdi resdu^ without ^XJt- 
t^ng the copp^ at the bottom of said one or 
more openings; and 
40 b) applyirig a ne^tive bias, rangir^ from about 

-200 vdts to about -400 volts, to said substrate 
to urge said anisotrq;»c hydrogen plasma to 
reach the kiottom of said one or more openings 
adjacent said copper surfaca 

45 

1<^. The process of daim 13 wherein ssud st^ of pro- 
viding an anisotropic hydrogen plasrra to ther^ 
remove etch residues and to dean said exposed 
portions off said copper surface without causirig 
so copp^ to d^»>sit in the side walls of said one more 
openings formed in said one or more layers of said 
low dielectric constant insulation rr^erial. is pre- 
ceded by a st^ of passivation, wherein sasl i^sa- 
vatton step comprises treating the scdewails of said 
55 one or more op^ings with a pla^na selected from 
the group oor^isting of nitrogen plasna. oxygen 
plasna, and a contamation of nitrogen and oxygen 
plaanas. 
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15. The process of cl€um 13 wherein said step of pro- 
viding an anisotropic hydrogen plasma to thereby 
remove etch residues arvJ to dean said exposed 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more s 
openings formed in said one or more layers of said 
low dielecthc constant insulation material, is pre- 
ceded tyy a step of repair, wherein said repair step 
comprises treating the sidewalls of sM one or 
more openings with a hydrogen plasma, without io 
^splyinig a bias to said substrate 

16. The process of daim 13 wherein said step of pro- 
viding an anisotropic hydrogen plasma to therel:^ 
remove etdi residues and to dean said exposed is 
portions of said copper surface without causing 
copper to deposit in the side walls of said one more 
openings fontied in said one or more layers of said 
low didectric constant insulation material, is fol- 
lowed by a step of physical vapor deposition to form 20 
a via liner on at least the sidewsUls of said one or 

. more openings. 

17. The process of daim 16 wherein said step of phys- 
ical vapor deposition to form a via liner on at least 2$ 
the sidewalls of said one or more openings formed 

in said one or more layers of said low dielectric con- 
stant insulation material further comprises deposit- 
ing tantalum on at least the sidewalls of said one or 
more openings. 30 
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